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CONTESTS 


ABSTRACT 

Descriptions  are  given  of  the  Navy  HI  shock  machines  for  light¬ 
weight  and  mediunnveight  equipment.  Shock  motions  are  given  for 
standard  loading  conditions.  These  are  illustrated  by  acceleration-, 
velocity-,  and  displacement-time  relations.  Maximum  values  of 
velocities  and  displacements,  and  of  accelerations  passed  by  various 
low-pass  filters,  are  presented.  Shock  spectra  are  presented  for 
selected  conditions.  Equivalent  displacement-  and  velocity- shock, 
together  with  maximum  values  of  acceleration,  can  be  established  for 
their  respective  effective  frequency  ranges  from  observations  of  the 
shock  spectra. 

Concepts  relative  to  the  specification  of  shock  tests  are  con¬ 
sidered.  These  include  brief  considerations  of  analyses  of  shock 
motions,  methods  of  specifying  a  shock  test,  and  what  is  meant  by 
simulation  of  field  conditions.  It  is  indicated  that  shock  tests  should 
not  be  specified  in  terms  of  shock  motions,  or  spectra,  unless  the 
values  specified  be  considered  only  as  nominal  values. 
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NAVY  HIGH-IMPACT  SHOCK  MACHINES 
FOR  LIGHTWEIGHT  AND  MEDIUMWEIGHT  EQUIPMENT 


INTRODUCTION 

Object 

This  report  will  consolidate  information  contained  in  previous  publications,  many  of 
which  are  out-of-print,  relating  to  the  characteristics  and  use  of  Navy  HI  (High-Impact) 
class  shock  machines.  In  addition  the  report  will  present  recent  views  relating  to  shock 
tests  and  test  procedures. 

There  are  presently  two  principal  classes  of  Navy  HI  shock  machines:  the  HI 
Shock  Machine  for  Lightweight  Equipment  (1-5)  and  the  HI  Shock  Machine  for  Medium- 
weight  Equipment  (5-7).  Equipment  for  use  on  naval  ships  is  classified  as  lightweight 
if  its  weight  does  not  exceed  250  lb,  and  as  mediumweight  if  the  weight  is  between  250  and 
about  5000  lb.  These  two  classes  of  machines  were  designed  primarily  to  simulate  shocks 
probable  on  shipboard.  Their  characteristics  and  performances  will  be  considered  in 
detail.  Other  shock  machines,  such  as  the  Shock  Machine  for  Electronic  Devices  (3,0), 
the  JAN-S-44  shock  machine  (10),  various  air  guns  (11-13).  and  drop-tables  (11,14-16) 
are  also  used  by  the  Navy  in  common  with  other  services,  but  will  not  bo  specifically 
considered  here.'1' 


Early  History 

Prior  to  the  early  stages  of  the  Second  World  War  the  major  causes  of  shock  to  equip¬ 
ment  aboard  ships  were  direct  hits  by  enemy  shells,  torpedoes,  and  the  firing  of  the  ships’ 
own  guns.  It  was  then  generally  conceded  that  the  only  practical  protection  of  equipment 
against  enemy  action  was  to  mount  the  equipment  as  far  as  possible  from  the  hull  plating 
and  to  use  as  much  armor  as  possible.  A  “3  ft- lb”  (17).  a  “250  ft- lb”  (18),  and  a  combina¬ 
tion  roll,  shock,  and  vibration  machine  (19)  were  developed  during  U<if  period  to  simulate 
ship  environments  caused  by  the  action  of  its  own  machinery  and  oronai  eo  and  to  generally 
improve  equipment  reliability. 

During  the  Second  World  War  the  use  of  underwater  mines  that  exploded  some  distance 
from  a  ship  often  resulted  in  little  structural  damage  to  the  ship  but  caused  considerable 
shock  damage  to  equipment  in  the  ship.  This  was  in  consequence  to  the  large  area  of  the 
hull  that  was  exposed  to  the  underwater  pressure  pulse.  In  addition,  the  greater  quantity 
of,  and  the  greater  reliance  on,  electronic  and  other  complex  equipment  for  the  operation 
and  control  of  the  functions  of  a  ship  required  greater  reliability  for  this  equipment. 

In  1939  the  British  developed  a  shock  testing  machine  for  lightweight  equipment  that 
produced  damage  to  items  under  test  that  was  similar  to  that  caused  by  shipboard  shock. 
The  U.S.  Navy  shock  machine  for  lightweight  equipment  was  then  designed  similar  to  that 
of  the  British,  and  the  first  such  machine  was  built  in  1940.  In  order  to  perform  shock 


♦More  complete  general  descriptions  of  shock  machines  are  given  in  Chapter  dn  of 
Ref.  11  ami  in  Ref.  I i. 
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tests  oil  heavier  equipment  the  shock  testing  machine  for  mediumweight  equipment  was 
designed  and  built  in  1942.  The  shock  outputs  of  the  two  classes  of  machines  were  such 
as  to  have  about  the  same  maximum  values  of  acceleration,  velocity,  and  displacement  for 
an  equivalent  shock  condition. 


EQUIVALENCE  OF  SHIPBOARD  SHOCK  AND 
ITS  LABORATORY  SIMULATION 

One  of  the  most  characteristic  features  of  shock  motions  is  their  infinite  variety.  It 
is  neither  desirable  nor  practical  to  construct  a  shock  machine  which  produces  a  shock 
motion  equivalent  to  that  of  a  given  field  condition.  Rather  the  shock  motion  generated 
should  have  a  damage  potential  at  least  as  great  as  any  probable  field  shock  for  which 
protection  is  required.  The  shock  machine,  therefore,  is  not  designed  to  simulate  a  given 
field  condition;  and  the  question  frequently  posed,  as  to  how  accurate  this  simulation  is. 
cannot  be  given  a  sensible  answer. 

Nevertheless  it  is  presently  the  objective  of  shock  tests  to  provide  an  accurate  simu¬ 
lation  of  field  conditions  not  a  given  field  condition,  but  a  shock  motion  that  possesses 
the  important  characteristics  of  all  probable  field  shock  motions.  This  objective  requires 
that  sufficient  field  data  be  obtained  so  that  they  can  be  treated  in  a  statistical  manner. 

The  field  data  must  be  analyzed  so  that  their  damage  potentials  can  be  assessed.  An 
envelope  of  all  of  the  values  of  shock  intensity,  or  their  damage  potentials,  obtained  from 
field  measurements  is  drawn.  A  shock  machine  must  then  be  devised  which  will  provide 
a  shock  motion  represented  by  the  envelope.  This  simulated  shock  motion  then  has.  for 
the  methods  of  analyses  used,  a  damage  potential  equal,  at  least,  to  the  maximum  values 
encountered  under  any  probable  field  condition  for  which  protection  is  required. 

This  statistical  approach,  at  first  glance,  appears  straightforward  and  valid.  And  so 
it  is  for  equipment  that  is  relatively  light;  However,  it  is  known  that  equipment  reacts  to 
foundation  motions  in  a  manner  similar  to  dynamic  vibration  absorbers  (20),  and  that  the 
equipment  will  reduce  the  amplitude  of  frequenc  y  c  omponents  of  foundation  motions  that 
are  equal  to  “fixed-base”  natural  frequencies  of  the  equipment  (21-23).  It  is  also  known 
that  the  frequency  components  of  shock  motions  that  arc  (he  most  damaging  to  an  equip¬ 
ment  are  those  that  correspond  to  the  equipment  fixed-base  natural  frequencies.  Thus  in 
a  statistical  study  of  damage  spectra  (shock  spectra),  where  an  envelope  of  the  maximum 
shock  spectra  values  o!  ail  appropriate  field  siioek  motions  are  normally  used  lo  indicate 
tiie  spectra  of  a  suitable  .simulated  shock  motion,  the  simulated  motion  would  be  oversevere 
for  relatively  heavy  I  equipment.  For  in  the  statistical  approach  the  envelope  is  determined 
by  the*  maximum  values.  But  equipment  reactions  cause  values  to  be  systematically  at 
their  minimum  at  only  the  frequencies  that  are  important  for  damage  considerations.  The 
statistical  approach  often  results  in  impossibly  high  design  requirements  which  may  be  an 
order  of  magnitude  above  the  true  requirements.  Such  factors  as  these  indicate  that  the 
science  of  shock  testing  is  still  in  an  youthful  stage*  and  that  considerable  judgment  may 
be  necessary  in  formulating  tests,  and  that  considerable  changes  may  be  expected  in  shock 
machines  and  procedures  in  the  future. 


‘  'Mu*  natural  frequetn  in-  uf  the  equipment  when  the  foundal ion  to  which  it  is  attached  is 
-infinitely  rigid  ami  heavy,  i.e.,  the  Inundation  is  fixed,  i*r  does  no,  move. 

(An  equipment  is  relatively  heavy  when  its  effective  weight  ;s  sufficient  to  considerably 
inline ure  tin-  .shock  motions.  Tlii.:  is  dependent  upon  the  relative  mass  of  the  equipment 
and  the  foundation  as  well  as  upon  the.intern.il  (lamping  and  the  modes  of  vibration  of  the 
equipment.  It  may  b--  th.il  equipment,  having  weights  less  than  100  lb  might  sometimes  be 
termed  "heavy"  under  this  ilcfiiiit inn. 
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ANALYSES  OF  SHOCK  MOTIONS 

Some  examples  of  commonly  idealized  shock  motions,  and  a  complex  shock  actually 
experienced,  are  shown  in  Fig.  1.  It  is  difficult  to  use  such  information  as  is  given  for 
complex  shock,  it  is  even  difficult  to  tell  when  one  type  of  shock  is  more  severe  than 
another.  In  order  that  the  damage  potential  of  one  shock  motion  can  be  compared  with 
that  of  another  some  quantitative  means  of  measuring  the  damage  potential  must  be 
devised.  Various  means  have  been  used  but,  perhaps,  the  following  predominate:  shock 
spectra,  velocity- shock,  and  simple  shock  pulses. 


Fig.  1  -  Different  types  of  shock  motions: 

(a)  velocity-shock,  a  step-velocity  change; 

(b)  half-pe  riod  sine  acceleration  pulse; 

(c)  sawtooth  acceleration  pulse;  (cl )  complex 
shock  wave.  The  HI  shock  machines  pro¬ 
vide  complex  shocks, 


Fig.  2 -Series  of  single-dcgree-of-freedom 
systems  of  different  natural  frequencies. 
The  maximum  responses  of  these  elements 
to  a  motion  (shock)  of  the  base,  plotted  as  a 
function  of  their  natural  frequencies,  is  a 
shock  spectrum  of  that  shock. 


Shock  Spectra 

A  scries  of  mass-spring  systems  (single-dcgree-of-frecdom,  or  simple  systems)  is 
shown  in  Fig.  2.  F.uch  system  has  a  different  natural  frequency  so  that  together  they  cover 
a  frequency  range  of  interest.  Each  system  lias  the  same  fractional  part  of  critical  damp¬ 
ing.  They  arc  all  attached  to  a  common  base  which  is  made  to  partake  of  a  shock  motion 
that  is  to  be  analyzed  as  to  its  damage  potential.  A  curve  representing  the  maximum 
responses  of  each  of  the  systems  to  the  shock  motion,  expressed  as  a  function  of  the 
natural  frequencies  of  (he  systems,  is  the  damage  potential  of  that  shock  to  the  series 
ot  simple  systems.  This  curve  is  railed  a  “shock  spectrum."  The  use  of  shock  spectra. 
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besides  having  other  valuable  applications,  has  uecome  an  acceptable  means  of  expressing 
in  a  quantitative  and  standard  manner  the  intensity  and  nature  of  the  damage  potential*  of 
shock  motions  (24).  Shock  spectra  can  be  expressed  as  the  maximum  relative  displacement 
of  the  masses  (Fig.  2)  with  respect  to  their  base,  as  the  maximum  absolute  values  of  the 
accelerations  of  the  masses,  or  as  pseudo  maximum  relative  velocities.  If  the  maximum 
relative  displacement  response  is  given  as  X,  then  the  displacement,  velocity,  and  accel¬ 
eration  spectra  (or  responses)  have  the  relation  X:2nfX:(2rf)2X.  This  relation  is  only 
approximate  and  applies  accurately  only  if  the  damping  is  negligibly  small.  In  specifying 
a  shock  spectrum  the  amount  of  damping  should  be  given;  if  it  is  not,  then  the  amount  is 
assumed  to  be  zero.  The  spectra  arc  usually  plotted  as  the  maximum  values  irrespective 
of  the  sign  of  the  response.  However,  somewhat  more  information  is  available  if  both  the 
positive  and  negative  maximum  values  of  responses  are  plotted  to  provide  positive  and 
negative  shock  spectra. 

Examples  of  shock  spectra  arc  shown  in  Figs.  3  through  6.  In  Fig.  3  the  acceleration 
of  the  shock  motion  are  shown  by  the  inset  curve.  The  ordinate  represents  acceleration 
in  units  of  gravity.  The  maximum  accelerations  experienced  by  the  masses  (Fig.  2)  for 
several  given  amounts  of  damping,  when  the  base  is  subjected  to  the  accelerations  shown 
in  the  inset,  are  shown  by  the  three  principal  curves.  It  is  thus  noted  that  the  shock  spectra 
do  not  represent  the  shock  motion,  rather  they  show  what  the  shock  motion  does  to  a 
standard  set  of  simple  systems.  The  shock  spectra  of  the  simple  pulses  of  Fig.  1  are 
shown  in  Figs.  4,  5.  and  6. 

The  four  sets  of  coordinates  of  Fig.  4  arc  of  particular  interest.  The  three  ordinate 
values,  velocity,  acceleration,  and  displacement,  represent  amplitudes  of  sinusoids  and 
so  are  all  dependent  upon  each  other.  If  the  velocity  amplitude,  V,  is  assigned,  then  the 
displacement  amplitude  is  X  -  V./2nf,  and  the  acceleration  amplitude  is  2”fV.  These  will 
appear  as  straight  lines  with  45-degree  positive  and  negative  slopes  respectively  for  the 
method  of  plotting  employed.  This  coordinate  system  is  not  only  a  convenient  way  to 
simultaneously  represent  the  three  types  of  shock  spectra,  but  also  represents  directly 
the  shock  spectra  of  velocity-shock.  Velocity-shock  is  discussed  in  the  following  section. 
The  numerical  value  of  a  velocity-shock  spectra  is  equal  to  the  magnitude  of  a  step-velocity 
change  (for  conditions  of  negligible  damping)  and  is  independent  of  frequency.  The  corre¬ 
sponding  acceleration  and  displacement  shock  spectra  are  given  by  the  sloping  coordinates. 

Figure  5  illustrates  shock  spectra  for  a  half-period  since  pulse.  A  curve  representing 
the  maximum  positive  values  would  be  the  positive  shuck  spectrum,  as  previously  defined, 
and  a  curve  representing  the  maximum  negative  values  would  be  the  negative  shock  spec¬ 
trum.  These  are  shown  respectively  by  the  curve  labeled  “primary”  and  by  the  curve 
below  the  zero  axis.  However,  as  illustrated,  the  responses  during  the  time  of  the  pulse 
are  separated  from  those  following  this  time  and  arc  respectively  identified  as  “primary” 
and  ‘■residual."  In  Fig.  6  the  same  separation  is  provided  for  the  shock  spectra  of  a 
sawtooth  pulse.  A  primary  shock- spectrum  is  defined  as  the  maximum  response  of  the 
simple  systems  (Fig.  2)  during  the  time  ot  the  shock.  The  residual  shock  spectrum  is 
the  maximum  response  after  the  completion  of  the  shock.  Positive  and  negative  shock 
spectra  may  exist  for  both  primary  and  residual  shock  spectra. 

Figure  6  illustrates  why  a  pulse  of  a  sawtooth  shape  has  become  popular  for  shock 
specifications.  Its  positive  and  negative  shock  spectra  are  equal  and  rise  smoothly  to  a 
maximum  value,  after  which  they  remain  close  to  a  constant  value.  All  symmetrical 
pulses,  on  the  other  hand,  have  different  positive  and  negative  spectra  with  the  residual 
spectra  periodically  becoming  very  small. 


'"The  shock  spectra  represent  damage  potential  for  simple  systems.  The  relative  values 
may  be  different  for  nonlinear  and  more  complicated  systems. 
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Fin.  i  -  Aeri-lr ration  shock  spectrum  for  shock 
motion  shown  by  inset  figure.  Both  damped  and 
undamped  elements  are  considered.  (After 
Fllett  (dS).) 


<  «t  out  no  it  er. ' 


Ftp.  4  -  Shock  spectra  for  velocity-shock.  The 
velocity  shock -sped ra  are  numerically  equal 
to  the  values  of  the  velocity- shock  (the  magni¬ 
tude  of  step-change  of  velocity).  The  displace¬ 
ment  shock -spec  t  ra  arc  given  by  the  lines  of 
45-degree-positive  slope  and  the  acceleration 
shock-spcctra  ate  given  by  the  lines  of  45- 
degrec-negative  slope. 
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Fin.  5  -  Shuck  spectra  for  a  half- 
period-  sine -wave  arc  el  erati  on -pulse. 
The  pulse  (inset)  has  an  amplitude  of 
and  a  duration  of  r/2.  The  max¬ 
imum  response  isGpj^.  The  primary 
shock  spiel  rum  is  the  maximum 
re  spouse  du rinp  the  pulse  interval  and 
is  positive  (the  same  direction  as  the 
pulse).  The  residual  spectra  have 
equal  posit ivc  and  ncpullvc  responses. 
See  Kef.  2«. 


Fii;.  i*  -  Shot  k  sped  r.i  fm  inset  sawtooth 
accelere.ti-u:  pulse.  Prim  ■  r  >  ■  resid¬ 

ual  refer,  respectively,  to  maxima  t  hat 
hi  i  u  ;■  r  e  tl  durine  and  alter  the  pulse 
penotl.  (After  Morrow  and  Sari;eant 

<  I  »•)-) 


1  •<[  out  .Si,  V  .  It'S] 


Velocity -Shock 

The  most  important  characteristic  of  many  types  of  shock  motions  can  be  expressed 
as  a  step-change  in  velocity  (27).  This  concept  is  sufficiently  accurate  for  a  large  class 
of  shock  motions  and,  outside  ot  purely  static  considerations,  is  the  most  simple  in  its 
practical  application.  The  velocity- shock  is  expressed  quantitatively  as  equal  to  the 
magnitude  of  a  step-change  of  velocity  of  the  excitation  as  shown  by  Fig.  1(a).  Frequently 
an  equivalent  velocity- shock  is  taken  as  the  maximum  change  of  velocity  of  the  center-of- 
mass  of  an  equipment  subjected  to  a  shock.  It  is  to  be  noted  that  the  velocity-shock  spec¬ 
trum  of  a  velocity-shock  (no  damping),  as  shown  on  Fig.  4,  is  numerically  everywhere 
equal  to  the  value  of  the  velocity-shock. 

The  use  of  a  single  number  to  describe  the  intensity  of  shock  over  given  ranges  of 
frequencies  can  be  useful  and  sufficiently  accurate  for  many  applications.  The  term 
velocity- shock  ;.s  one  such  number.  Obviously  under  real  conditions,  where  displacements 
and  accr’^rations  remain  finite,  the  spectra  for  velocity- shock  involving  a  finite  step-time 
must  dec  ease  below  and  above  certain  frequency  limits.  Shock  spectra,  shown  later  in 
Figs.  28-29  and  42-43,  give  a  middle  range  of  frequencies  where  the  velocity-shock  spectra 
is  about  constant.  The  single  numbers  corresponding  to  these  values  can  be  given  as  the 
equivalent  velocity-shocks  tor  these  frequency  ranges. 
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For  some  lower  frequency  range  one  observes  a  constant-displacement  shock  spectra. 
The  value  of  this  displacement  is  equal  to  the  value  of  “displacement  shock”  over  that 
frequency  range,  where  displacement-shock  is  defined  as  a  step-change  of  position  and  its 
magnitude  is  equal  to  the  magnitude  of  the  step-change.  The  shock  spectrum  in  this  region 
is  equivalent  to  the  disolacemcnt-shock,  and  is  equal  to  the  maximum  displacement  involved 
in  the  shock  motion. 

Above  a  certain  frequency  the  acceleration  shock  spectra  becomes  constant.  For  this 
frequency  range  the  peak,  or  maximum,  value  of  acceleration  present  in  the  shock  excitation 
is  equal  to  the  acceleration  shock  spectra.  This  condition  exists  when  the  highest  u  ^nif i— 
cant  frequencies  associated  with  the  shock  motion  are  low  compared  with  the  shock-spectra 
frequencies  considered.  Thus  the  accelerations  can  be  considered  as  equivalent  to  static 
values.* 


Simple  Shock  Pulses 

When  the  time  for  the  velocity  change  associated  with  a  shock  motion  cannot  be  con¬ 
sidered  short  (compared  with  periods  of  significant  modes  of  vibration  of  an  item  subjected 
to  the  shock),  then  it  is  sometimes  sufficient  to  construct  a  shock  motion  of  mathematically 
simple  shape  which  will  be  equivalent  in  important  aspects  to  some  shock  motion  of  interest. 
Seme  of  these  pulses  arc  shown  in  Fig.  1.  Responses  of  simple  systems  to  a  variety  of  type 
of  pulses  can  be  found  in  Ref.  28.  An  application  of  this  type  is  to  obtain  a  simple  shock 
pulse  which  has  a  shock  spectrum  approximately  equal  to  an  envelope  of  maximum  values 
of  a  statistically  significant  quantity  of  shock  spectra  obtained  from  field  measurements. 

A  shock  machine,  built  to  provide  this  pulse,  would  then  provide  a  simulation  of  the  damage 
potential  of  the  field  environment.  In  addition  the  responses  of  an  item  to  the  pulse  excita¬ 
tion  can  be  theoretically  determined  more  easily.  As  has  been  mentioned,  there  are  valid 
objections  to  the  statistical  procedure  involved  in  establishing  the  shock  spectrum,  because 
of  the  effects  of  equipment  reactions  in  modifying  the  shock  motions. 


Miscellaneous 

It  is  acceptable  under  certain  conditions  (29)  to  give  maximum  values  of  accelerations 
or  velocities  and  associated  frequencies  which  one  observes  in  a  shock  motion.  Fourier 
integral  and  series  techniques  have  also  had  limited  use.  The  Fourier  integral  method 
has  considerable  potential  value. 


SPECIFYING  A  SHOCK  TEST 

Shock  tests  can  be  specitied  by  three  methods  (12):  First,  a  shock  motion  can  be 
specified.  A  shock  test  then  consists  of  causing  the  points  of  attachment  of  the  item 
under  test  to  partake  of  this  motion.  Second,  a  shock  spectrum  can  be  specified.  A 
shock  test  then  consists  of  causing  the  points  of  attachment  of  an  item  under  test  to 
partake  of  a  motion  that  lias  this  spectrum.  Third,  a  shock  machine  can  be  specified 
together  with  a  procedure  for  its  operation.  A  chock  test  then  consists  of  mounting  an 
item  under  test  to  the  machine  in  a  prescribed  manner  and  of  operating  the  machine 
according  to  the  given  procedure. 


•'ll  would  be  interesting  (<>  include  “  acce  te  rat  inn -shock"  for  the  upper  range  of  frequencies, 
where  acceleration -shock  would  be  defined  as  the  magnitude  of  a  step-change  of  accciora- 
li. a,;  however,  the  shock  spectrum  of  an  acceleration-shock  would  he  equal  to  twice  the 
value  of  acceleration-shock,  which  is  not  analogous  to  the  similar  situation  for  displace¬ 
ment  and  velocity.  ‘ 
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The  first  and  second  methods  of  giving  specifications  are  somewhat  similar ,  although 
the  second  places  more  burden  on  the  test  engineer,  as  lie  may  be  required  to  devise  a 
shock  motion  corresponding  to  a  given  shock  spectrum.  However  both  methods  are 
impractical  of  achievement  unless  the  items  under  test  arc  perfectly  rigid  or  relatively 
light .  The  cause  of  the  difficulty  is  the  reaction  of  the  load  on  the  test  machine.  This 
reaction  causes  the  applied  shock  motions  to  become  dependent  upon  the  nature  of  the 
equipment  under  test,  so  that,  unless  large  tolerances  are  permitted,  the  test  cannot 
practically  be  made  as  prescribed.  The  only  practical  solution  to  this  problem  is  to 
consider  that  the  numerical  values  of  shock  motions,  or  spectra,  given  in  the  specification, 
be  considered  as  nominal  values.  They  should  be  complied  with  for  rigid  loads  rigidly 
attached  to  the  machine,  and  calibrations  of  the  machine  should  be  made  to  assure  that 
this  is  so.  Tests  of  real  equipments  should  then  be  made  according  to  prescribed  pro¬ 
cedures  with  no  further  concern  as  to  the  specified  motions  or  spectra.  However,  care 
should  be  taken  that  sustained  natural  frequencies,  not  typical  of  field  conditions,  arc  not 
introduced  by  the  shock  machine  and  the  mounting  arrangements.  This  procedure  is 
preferred,  even  though  it  would  be  possible  to  generate  the  specified  motions,  as  this 
procedure  may  prevent  the  overtesting  which  would  result  if  prescribed  shock  motions 
were  maintained  in  spite  of  equipment  reactions.  If  this  procedure  is  followed,  the  shock 
machine  should  have  a  mechanical  impedance,  as  seen  by  the  equipment,  at  least  as  great 
as  that  of  the  structure  to  which  the  equipment  will  eventually  be  attached. 

The  third  method  of  specifying  shock  tests  requires  that  the  agency  responsible  for 
the  test  provide  a  machine  design  which,  when  the  machine  is  built  and  used  in  a  prescribed 
manner,  will  provide  a  suitable  shock  motion.  This  reduces  the  trials  and  tribulations  of 
the  test  engineer  to  relatively  small  proportions.  The  Navy  HI  machines  are  in  this  cate¬ 
gory.  The  design  of  the  HI  Shock  Machine  for  Lightweight  Equipment  has  been  standard¬ 
ized  (4)  by  the  American  Standards  Association.  Complete  working  drawings  of  the 
machine  together  with  operating  instructions  are  available  from  this  source.  Because 
of  the  small  number  of  mediumweight  machines  in  existence,  it  has  been  subjected  only 
to  Navy  standards. 

When  a  machine  is  specified  for  a  shock  test  (the  third  method)  it  is  the  ’'esponsibility 
of  those  who  specify  the  test  to  provide  information  as  to  its  shock  motions  and  their 
spectra.  These  are  normally  given  only  for  rigid  loads  rigidly  attached  to  the  shock 
machine. 


NECESSITY  FOR  PRECISION  AND  ACCURACY 
FOR  TESTS  ON  SHOCK  MACHINES 

Great  accuracy  can  seldom  be  justified  for  shock  tests  on  the  basis  of  field  informa¬ 
tion.  However  three  factors  require  that  shock  machines  bo  constructed  so  that  they  can 
reproduce  shock  conditions  with  considerable  precision:  (a)  Shock  tests  may  be  legal 
requirements  for  the  acceptance  of  an  equipment.  Whether  a  test  lias  been  performed 
according  to  specifications  within  acceptable  limits  is  of  great  concern  because  it  involves 
whether  or  not  the  equipment  is  of  acceptable  quality  for  contract  fulfillment  and  payment, 
(b)  In  developmental  work  it  is  not  possible  to  tell  whether  or  not  a  significant  improve¬ 
ment  has  been  made  unless  the  magnitude  and  nature  of  the  shock  can  be  accurately 
repeated,  (c)  A  shock  machine  at  one  location  should  be  able  to  provide,  within  reasonable 
tolerances,  the  same  test  to  a  given  equipment  as  would  be  provided  by  the  same  type  of 
shock  machine  at  another  location. 

The  motion  output  of  shock  machines  (that  do  not  suffer  plastic  deformation  of 
semipermanent  parts)  should  not  differ  by  more  than  5  percent  for  frequency  components 
below  about  200  cps.  Greater  variation  can  be  expected  in  the  shock- spectra  peak  values, 
as  these  values  are  determined  by  damping  losses  in  the  machine.  As  the  damping  depends 
largely  on  bolt  tightness  and  friction  between  surfaces  this  factor  may  show  considerable 
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variations.  Considerable  variations  may  exist  at  higher  frequencies.  If  machine  parts 
(such  as  the  anvil  oi  the  HI  Shock  Machine  for  Lightweight  Equipment)  gradually  deform 
with  use,  then  greater  variations  in  performance  can  be  expected.  The  HI  Shock  Machine 
for  Mediuinweight  Equipment  suffers  no  appreciable  permanent  deformation  of  its  part. 


THE  NAVY  HI  SHOCK  MACHINE  FOR 
LIGHTWEIGHT  EQUIPMENT 

Description 

The  HI  Shock  Machine  for  Lightweight  Equipment  (Fig.  7)  consists  of  a  welded  frame 
of  standard  steel  sections,  two  hammers,  one  of  which  drops  vertically  and  the  other 
swings  in  a  vertical  arc,  and  an  anvil  plate  which  may  be  placed  in  either  of  two  positions. 
The  combination  of  two  hammers  and  two  anvil-plate  positions  permits  blows  to  be 
delivered  in  each  of  three  mutually  perpendicular  directions  without  remounting  the  test 
equipment.  Each  hammer  weighs  400  lb  and  may  he  raised  to  a  maximum  height  of  5  ft 
above  its  impact  position,  to  deliver  a  maximum  of  2000  ft-lb  of  energy  at  impact. 

The  anvil  plate  consists  of  a  steel  plate  measuring  34  •<  48  \  5 '8  in.,  reinforced  across 
its  back  surface  by  l-beam  stiffeners.  Steel  shock-pads  are  welded  to  the  top  and  side 
edges  and  at  the  center  of  the  back  face  over  tin  stiffeners  at  ’.tie  points  of  hummer  impact. 
For  back  and  top  blows  the  anvil  plate  is  positioned  across  the  main  frame  and  rests  on  a 
pair  of  enclosed  helical  springs  It  is  constrained  to  a  vertical  position  by  a  set  of  springs 
and  through  holts  bearing  against  the  main  uprights.  Washers  and  spacers  prevent  binding 
of  the  .null  plate  during  top  blows.  For  edge  blows,  the  anvil  plate  is  rotated  90  degrees 
around  a  vertical  avis  and  is  supported  by  rollers  bearing  .ig.un.sl  steel  tracks.  It  is 
positioned  liv  a  set  of  springs  mounted  on  tlu-  forward  support -brare  edge.  Edge  blows 
are  delivered  by  tile, swinging  hammer  against  the  rear  anvil-plate  edge.  In  each  of  the 
three  directions  of  hammer  impact  the  anvil  plate  constraining  springs  are  adjusted  to 
permit  1,5  in.  of  forward  motion  against  the  springs  before  bottoming  occurs  against 
limit  stops.  Rebound  springs  for  hack  and  edge  blows  arc  also  provided  with  limit  stops, 
although  these  springs  reach  their  solid  height  before  the  limits  are  reached.  There  are 
no  rebound  springs  for  top  blows,  the  maximum  spring  extension  being  governed  by  a 
captive  bolt. 

Several  standardized  mounting  plates  have  been  devised  which  simulate  the  mounting 
conditions  aboard  ship.  These  are  interposed  between  the  anvil  plate  and  the  test  equip¬ 
ment  and  provide  a  degree  of  flexibility  and  isolation  to  the  shock  motions  in  a  manner 
similar  to  normal  shipboard  bulkheads  and  decks.  Two  mounting  plates  are  used  pre¬ 
dominantly  for  specification  shock  tests  (4,5):  the  4A  plate  for  bulkhead-mounted  equip¬ 
ment  and  the  shelf  mounting  plate  for  platform- mounted  equipment.  The  former  derived 
its  name  from  i»s  figure  number  in  shock-test  specifications  (5a)  and  is  a  flat  steel  plate 
27  x  34  y  1/2  in.,  while  the  latter  is  a  similar  plate  to  which  a  reinforced  shelf  has  been 
welded.  Reinforced  4-in.,  13.8-11)  car-building  channels  along  the  vertical  edges  space 
the  mounting  plates  away  from  the  anvil  plate.  Holes  are  drilled  in  the  mounting  plates 
as  required  to  mount  the  test  equipment  centrally.  The  plate  is  discarded  when  the  holes 
from  previous  tests  become  too  numerous. 


Loading  Arrangements  for  Reported  Characteristics 

Reference  2C  gives  the  results  of  an  investigation  of  mechanical  shock  on  the  machine. 
Detailed  drawings  of  the  load  apparatus  used  are  given  in  this  reference.  The  total  weight 
capacity  of  the  machine  was  covered  by  two  separate  load  assemblies,  the  lighter  covering 
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the  range  up  to  200  lb,  and  the  heavier  from  200  to  400  lb.*  A  rugged  welded  frame  com¬ 
prised  the  base  assembly  in  the  light  range  to  which  additional  steel  plates  were  bolted  to 
increas"'  t he  load  weight  in  small  increments  of  approximately  25  to  50  lb.  In  the  heavier 
range  the  load  consisted  of  two  sections  of  solid  steel  plating,  one  weighing  approximately 
200  lb  and  the  other  125  lb.  These  sections  could  be  used  singly  or  in  pairs  to  alter  the 
load  weight.  Each  load  was  drilled  tu  accommodate  the  same  rectangular  mounting  bolt 
pattern  so  that  the  load  distribution  on  the  mounting  plate  remained  the  same  for  all  loads. 
Two-inch  cylindrical  pedestals  spaced  the  load  weight  away  from  the  mounting  plate  to 
prevent  binding.  Examples  of  the  loading  arrangements  are  shown  in  Figs.  8  and  9.  The 
loads  and  their  mounting  supports  can  be  considered  as  relatively  rigid  compared  with 
the  mounting  plates  (4A  or  shelf  plate)  of  the  shock  machine. 


Instrumentation  and  Measurements 

Measurements  were  made-  of  velocity  and  acceleration  as  a  function  of  time,  and  of 
shuck  spectra  as  indicated  by  a  multifrequenry  reed  gage.  Instruments  for  these  meas¬ 
urements  w*'re  lxi  1  ted  directly  to  the  load  assembly  and  oriented  to  measure  the  shock 
motions  in  the  direction  of  the  hammer  impact.  A  second  accelerometer  was  maintained 
in  a  fixed  position  on  each  mounting  plate,  and  provided  an  indication  of  the  magnitude  of 
shock  motions  at  these  specific  locations. 


Irie.  N  -  -i  A  pl.ilr  u.  ii  h  5K\*-lb  load.  The 
)  ‘  i  no-lit.^  .i  !'t-  oi'i,. iilcil  for  ,iu  i-tliir  blow. 


'-Normal  specific  all  on  s  limit  the  load  to  Z5U  lb. 
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Km .  "*  •  Shell  plate  with  ^bl-lh  load.  The  i  nst  rtrisents 

.  . . .  e'e-l.  r  hi  e.  . 


With  ihi’  possible  exception  of  tlie  reed  gages,  the  Instruments  were  standard  types 
whose  i Turin  (eristics  and  limitations  are  well  known  and  which  have  proven  satisfac  tory 
for  shock  measurements.  Instrument  locations  and  details  of  their  mount  inn  adaptors 
may  be  seen  in  Figs.  8  and  9.  Standard  300-,  1000-,  and  5000-cps  low-pass  filters, 
incorporated  in  the  accelerometer  preamplifiers,  limited  the  upper  frequency  response 
of  the  acceleration  signals  by  removing  accelerometer  resonances  and  the  higher  fre¬ 
quency  acceleration  components  which  are  of  little  importance,  i.e.,  have  little  damaging 
value,  yet  predominate  in  the  unfiltered  records.  The  filtered  output  signals  were  displayed 
simultaneously  on  a  multichannel  cathode-ray  osc  illograph  and  recorded  photographically 
by  a  moving- film  camera  as  shown  in  Fig.  10.  Sufficient  recording  channels  were  available 
to  permit  recording  each  accelerometer  signal  on  two  channels  at  the  same  time,  using 
different  sets  of  filters.  Thus,  the  1000-cps  filtered  record  was  recorded  for  every  blow, 
while  the  paralleled  channel  alternated  between  a  300-  and  a  5000-cps  filter.  The  velocity 
pickup  signal  was  unfiltered  and  inc  luded  an  acceptable  frequency  range  from  about  6  to 
2000  c  ps. 

Accelerations,  Velocities,  and  Displacements  -  The  shock-motion  waveforms,  produced 
by  the  Shock  Machine  for  Lightweight  Equipment  exhibit  the  same  general  characteristics 
for  different  heights  of  hammer  blow  delivered  to  a  particular  load  arrangement  in  a  given 
direction  but  greatly  modify  their  characteristics  with  changes  in  direction  of  blow,  load 
weight,  load  orientation,  and  mounting  plates.  Previous  history  of  the  anvil  and  mounting 
plates  also  affect  the  shock  waveforms,  but  to  a  much  lesser  exi?nt,  by  its  influence  on  the 
plate  stiffnesses  and  shape.  These  change  because  of  work  hardening  and  plastic 
deformation. 

The  acceleration  traces  for  both  the  load  and  mounting  plates  are  shown  on  the  typical 
test  record  of  Fig.  10.  In  general,  the  maximum  value  of  acceleration  occurs  shortly  after 
impac  t;  it  is  followed  by  irregular  vibratory  modes.  Characteristics  of  the  motion  remain 
similar,  except  for  amplitude,  if  only  the  height  of  hammer  drop  is  varied.  The  magnitude 
and  frequencies  of  the  accelerations  which  follow  the  maximum  value  are  greatly  influenced 
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by  a  la  riff  number  of  factors  such  as  bolt  tightness,  mass  distribution,  and  energy  dissi¬ 
pation.  Slight  variations  in  any  of  these  factors  produce  large  changes  in  the  waveform 
after  the  first  pulse.  Records  taken  using  the  5000-ops  filter  are  worst  in  this  respect, 
since  the  high  frequency  components  are  most  easily  changed. 

With  information  given  as  to  the  general  waveform  of  the  shock  motions,  it  is  sensible 
to  plot  maximum  values  of  acceleration  and  velocity  in  order  to  provide  comparative 
values  for  the  shock  motion.  Figures  11  through  13  give  maximum  values  of  acceleration 
of  the  load  and  4A  plate  and  Figs.  14  and  15  give  acceleration  values  when  the  shelf-plate 
mounting  arrangement  is  used,  As  the  load  was  essentially  rigid  the  location  of  the 
accelerometer  on  the  load  was  not  of  great  importance.  However,  the  value  of  the  accel¬ 
eration  of  the  4A  plate  was  strongly  dependent  upon  the  accelerometer  position.  The 
apparent  erratic  trends  of  4A  plate  acceleration  curves  are  caused  by  the  changes  of 
mode  shapes  of  the  plate  for  different  loads.  For  a  complete  description  of  results  and 
the  factors  involved  see  Ref.  2. 

Maximum  values  of  load  velocity  are  plotted  in  Figs.  16  through  21.  For  any  given 
load  these  values  increase  approximately  linearly  with  the  hammer  impact  velocity,  or 
as  the  square  root  of  the  height  of  drop.  This  approximation  is  also  roughly  true  for  the 
maximum  values  of  acceleration. 

The  displacement- time  motions  of  the  load  can  be  caleulated  from  the  velocity  records. 
These  motions  have  been  plotted  and  are  given  in  Fig.  22  for  two  different  loads  mounted 
on  the  4A  plate. 
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Kit;,  1  -  Maximum  an  derations  of  load 

•  mil  of  -1 A  plate  for  i * i i i •  blows 


Fij>.  13  -  Maximum  accelerations  of  load 
and  of  4A  plate  for  top  blows 
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Fig.  15  -  Maximum  accelerations  of  load 
and  of  shelf  plate,  for  edge  blows,  for 
load  on  the  shelf  plate 
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Fin.  I7  -  Maximum  load  velocities  for  edge  blows 
for  loads  on  the  4A  plate 
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Fie.  lr*  •  Maximum  l<iad  velocities  for  back  blow 
for  loads  os:  the  shelf  mounting  plate 
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Shock  Spectra  -  Results  relating  to  shock  spectra  are  principally  contained  in  reports 
by  Dick  (3)  and  Conrad  (30).  Shuck  spectra  can  be  obtained  directly  front  reed  gages. 

When  this  method  is  employed,  only  a  small  number  of  frequency  values  can  be  obtained 
because  of  the  difficulty  of  using  many  reeds  simultaneously.  A  more  complicated  but 
preferable  procedure  is  to  record  the  appropriate  acceleration  or  velocity  signal  on  tape 
and  to  analyze  the  recording  in  terms  of  shock  spectra. 

Shuck  spectra,  for  motions  of  the  load  in  combination  with  the  4A  plate  and  the  shelf 
plate  are  given  in  Figs.  23  through  25.  Figure  26  indicates  how  the  response  varies  with 
hammer  drop-height,  and  Fig.  27  illustrates  an  equivalent  velocity- shock  or  step  velocity- 
change.  This  would  be  t he  average  slope  (see  Fig.  23)  of  an  acceleration  shock- spectrum 
curve.  Velocity-shock  is  useful  for  design  calculations  and  provides  a  way  of  expressing 
shock  intensity  in  terms  of  a  single  number. 

Shock  spectra  for  several  different  shock  machines  for  several  load  conditions  and 
hammer  drop-heights  have  been  plotted  in  Figs.  28  and  29  using  the  four- coordinate 
system.  Ceosiderable  information  is  directly  available  from  such  a  graph.  For  very 
low  frequencies  the  displacement  shock  spectra  is  asymptotic  to  the  maximum  displace¬ 
ment  involved  in  the  actual  shock  motion.  For  vei  y  high  frequencies  the  acceleration 
shock  spectra  is  asymptotic  to  the  maximum  acceleration  recorded  for  the  shock.  For 
intermediate  frequeneies,  if  peaks  caused  by  resonances  are  neglected,  the  velocity-shock 
spectra  can  be  taken  as  the  best  value  of  velocity-shock.  Peaks  in  the  shock  spectra 
represent  sustained  vibrations  in  the  shock  motion. 


CCELERATION  SHOCK-SPECTRA  ( <j  )  ACCELERATION  SHOCK  -  SPECTRA  (o) 
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NAIUHAL  IREQUENCY  (CPS) 

Fi^;.  -)  -  Slun  k  sprct  ra  for  motions  of  a  rigid  57-lb  load 
on  ilw  4A  plate  lor  ‘>  —  f t  bark,  top,  and  edge  blows 


Fig.  24  -  Shock  spectra  for  motions  of  a  riRid  121 -lb  load 
on  the  4A  plate  for  5  -  ft  back,  top,  and  edge  blows 


ACCELERATION  SHOCK-SPECTRA  (q  )  ACCELERATION  SHOCK-SPECTRA  (g) 
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0  "  ’  200  "  400 

N  AT  0  RA,  fHl'OUTNCV  I  C  PS  ) 

Ftp.  2S  -  Shock  spectra  for  motions  of  ri )> icl  1  <2 1  - ,  2(>1 
and  38'1-lb  loads  on  tin*  shelf  plate  lor  r>-ft  L.>»  k,  top, 
and  edijc  blows 


Fi«.  26  -  Shock  spectra  for  ripid  !21-lb  loads  on  the 
4A  plate  for  various  heights  of  hammer  drop 
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Fin.  -  Shock  spectra  for  motions  of  a  rigid 
mass  of  57  lb  attached  to  the  4A  plate  of  the 
HI  Shock  Machine  for  Lightweight  Equipment. 
An  equivalent  velocity-shock  (V.S.)  for  fre¬ 
quencies  between  10  and  40  cjis  is  indicated. 


NAVAL  RESEARCH  LABORATORY 


25 
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I  I  •  l-l/ce 


•<:('  I0;>0 

HA'  k  HI  OWi  ,'^f  l>  i  CAP 

Fiu.  -  Shock  spectra  for  mol  ions  of  a  ri^id 
mass  of  2S?  ll>  in*,  tin’  4 A  plait*  of  the*  HI  Shock 
Machine  for  Lightweight  Equipment 


As  a  shock  spectrum  is  by  definition  the  maximum  relative  displacements,  or  the 
maximum  accelerations,  experienced  by  the  masses  of  single-degree-of-freedom  systems 
subjected  to  the  shock  motions,  these  values  can  in  many  cases  be  taken  directly  to 
represent  relative  displacements  across  flexible  mounts  and  accelerations  of  items 
supportedon  flexible  mounts. 

The  points  plotted  in  Figs.  28  and  29  represent  different  machines.  They  show 
considerable  spread  in  the  high  frequency  end  of  the  spectrum.  These  differences  are 
in  part  caused  by  changes  resulting  from  cold- working  and  deformation  of  the  anvil.  The 
shocks  tend  to  become  measurably  more  severe  as  the  hammer-anvil  contact  area 
increases  and  the  anvil  work-hardens.  This  continues  until  cracks  form  in  weld  areas 
or  the  deformation  becomes  excessive.  When  the  deformation  exceeds  a  prescribed 
value,  defined  in  Ref.  4,  the  anvil  is  repaired  or  replaced. 
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THE  NAVY  HI  SHOCK  MACHINE  FOR 
ME DIUMWE IG HT  EQUIPMENT 

Description 

The  Hi  Shock  Machine  for  Mediumweight  Equipment,  Fig.  30,  consists  of  a  3000- lb 
hammer  which  swings  through  an  angle  greater  than  180  degrees  and  strikes  an  anvil. 

The  anvil  thereby  suddenly  acquires  a  velocity  in  the  upward  direction.  The  anvil,  which 
weighs  about  4000  lb,  can  be  placed  in  either  of  two  vertical  positions.  A  maximum 
vertical  travel  of  3  in.  is  permitted  by  hold-down  bolts  from  the  lower  position,  and  1.5  in. 
from  the  upper  position.  Special  arrangements  may  be  used  to  permit  other  travel  dis¬ 
tances.  The  hold-down  bolts  cause  a  sudden  reversal  of  the  upward  motion  of  the  anvil. 

The  machine  is  mounted  on  a  heavy  concrete  block  which  is  isolated  from  surrounding 
areas  by  coiied-spring  supports.  This  prevents  the  shock  from  being  transmitted  to  the 
surrounding  area. 

Equipment  under  test  is  not  attached  directly  to  the  anvil  table,  but  is  attached  to  a 
set  of  channels  that  arc  separated  from  the  table-  by  spacers.  This  is  illustrated  in  Fig.  31. 
The  number  of  channels  used  is  a  function  of  flic  weight  of  the  equipment  and  is  given  in 
specifications  (5)  for  use  of  the  machine.  The  anvil,  channel  system,  and  equipment,  so 
assembled  can  approximately  lie  represented  by  Fig.  32,  where  M2  is  the  anvil,  the  spring 
and  dashpot  are  the  channels,  and  M,  is  the  equipment.  The  hammer  impact  is  applied  at 
the  bottom  center  of  M,. 


Fie.  iu  -  The  HI  Shuck  Machine-  for  Medium  vcight  Equipment.  The  position 
of  tlie  hammer  .it  t he  instant  of  impact  is  shown  by  the  dotted  lines. 


♦ 
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I'M;.  31  -  111  Shut  k  Machine  tor  Me-dinmwcig in 
Kqnipi.'.ent  will;  .1  30SH-11)  load  moantrd  on 

t  ha nnc Is 


Fig.  *tZ  -  Schematic  representation  of  the  MI 
Shock  Machine:  for  Mediumweight  Equipment. 
M|  represents  the  load,  M2thc  anvil  table, 
and  K  the  channels. 


V? 
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I'  li'.  M  -  T)ii  rt y r«M*  im  lined  bulk 


As  the  shock  motion  is  only  in  a 
vertical  direction,  an  alternative  mount¬ 
ing  arrangement  is  sometimes  used.  Two 
bulkheads  and  a  deck  section  are  assembled 
together,  as  shown  in  Fig.  33,  to  form  a 
corner  with  three  mutually  perpendicular 
surfaces.  The  junction  of  the  two  bulk¬ 
heads  is  made  to  incline  30  degrees  from 
the  vertical  when  the  fixture  is  mounted 
on  the  shock  machine.  The  fixture  thus 
provides  shock  motions  along  all  principal 
axes  of  an  item  of  equipment  under  test 
and  is  convenient  for  items  that  require 
bulkhead  supports. 


Measurements 

Reed  gages  and  velocity  and  accel¬ 
eration  pickups  were  mounted  on  the  loads 
and  the  anvil  table  to  provide  information 
for  the  determination  of  shock  spectra  and 
shock  motions  The  accelerometers  sig¬ 
nals  were  filtered  by  300-,  1000-,  or 
5000- cps  low-  pass  filtcrt/  In  addition  a 
set  of  Ivmdod-wire  resistance  strain 
gages  were  cemented  to  one  of  the  load¬ 
supporting  feet.  This  provided  informa¬ 
tion  for  determining  the  force  exerted  on 
the  load  by  tin  channels. 


hr  ad  fixture.  An  item  «>1  rquipnirni  u 

mounted  ill  the  fixture  and  is  ready  a  typical  set  of  records  for  4420-lb 

for  test.  load  and  a  2. 75- ft  hammer  drop  is  shown 

in  Fig.  34.  A  1000-cps  low-pass  filter 
was  used  for  the  acceleration  records.  It 
can  be  observed  that  the  channels  provide 
considerable  isolation  for  the  high-frequency  components,  but  introduce  a  strong  dominant 
frequency  of  about  70  cps.  This  corresponds  to  the  natural  frequency  of  the  single-degree- 
of-frecdom  system  shown  in  Fig.  32.  The  isolated  acceleration  pulse  on  the  top  curve  is 
caused  by  the  sudden  arresting  of  the  upward  motion  oi  the  table,  by  hold-down  bolts,  after 
a  table  travel  of  1.5  in.  has  been  completed. 


2.75  FT  HAMMER  DROP-l  5  IN.  TABLE  TRAVEL 


Kin*  f't  -  Uncording  of  epical  -  hock  motions.  Planking  •;  aihers  arc  spaced  at 
1  millisecond  intervals.  Top  trace:  acceleration  of  tabic,  1 OUU-cps  low-pass 
filter;  second  trace:  for i  e  exerted  or.  load;  third  trace:  acceler  ati-'n  .if  In.iH 
1000-cps  low-pass  filter;  fourth  and  fifth  traces:  velocity  of  load  and  of  table. 
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As  a  result  of  the  reversal  of  velocity  of  the  anvil  table,  when  it  reaches  the  limit  of 
its  upward  motion,  the  load  experiences  an  additional  sudden  shock.  The  damage  potential 
of  this  velocity-reversal  shock  depends  upon  the  relative  positions  and  velocity  of  the  load 
with  respect  to  the  anvil  at  the  time  the  reversal  occurs.  If  the  anvil  (see  Fig.  32)  is 
suddenly  stopped  when  the  spring  is  at  its  greatest  extension,  then  the  damage  potential 
is  tlie  largest.  That  this  is  a  matter  of  significance  is  realized  when  it  is  observed  that, 
depending  upon  the  load  vibration  phase  angle  at  the  time  of  impact,  the  velocity  change 
caused  by  the  stopping  impact  may  vary  from  about  0.5  to  2.0  times  the  velocity  change 
caused  by  the  original  impact.  Various  table  travel  distances  and  travel  times  involved 
in  a  test  make  it  probable  that  under  some  condition  an  item  of  equipment  will  be  exposed 
to  a  phase  angle  of  most  severe  damage  potential. 

The  relationship  between  hammer  impact  velocity  (and  height  of  hammer  drop)  and 
tlie  maximum  velocity  and  acceleration  of  tile  anvil  are  shown  in  Figs.  35  and  36.  These 
are  linear  relations.  This  is  to  lie  expected  whim  it  is  observed  that  the  hammer-anvil 
impact  time  is  a  constant,  about  0.001  see,  and  is  independent  of  the  drop  height  and  of 
the  load.  The  initial  maximum  velocity  attained  by  the  anvil  is  little  affected  by  the  load, 
as  it  is  attained  suddenly  compared  with  the  period  of  the  load  on  its  channels.  However, 
as  shown  by  Fig.  37,  the  maximum  velocity  experienced  by  the  load  is  affected,  as  one 
would  expect,  by  the  magnitude  of  the  load. 

The  difference  in  magnitude  of  the  acceleration  values  passed  by  the  300-  and  1000-cps 
low-pass  filters,  as  shown  in  Fig.  36,  indicated  a  considerable  amount  of  relatively  high- 
frequency  motion  present  in  the  anvil  table.  This  is  also  shown  in  Figs.  38  through  41; 
however,  the  latter  group  also  shows  that  the  maximum  accelerations  of  the  load  are 
about  the  same  value  whether  or  not  they  pass  through  the  1000-  or  the  300-cps  low-pass 
(liter.  Actually,  as  can  be  seen  by  the  record  of  the  actual  motion  (Fig.  34),  the  maximum 
values  of  load  acceleration  and  velocity  arc  associated  predominately  with  the  70-cps 
fundamental  trequency.  Generally  the  channels  provide  isolation  from  the  high  frequencies 
when  the  load  is  relatively  rigid 


Fig.  35  -  Impulsively  attained  velocity  of 
the  anvil  table.  The  values  are  independent 
of  the  channel -mounted  loads. 


LOAD  VEuOC4Tt  fX/VL C 
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hammfo  impact  vnnr.nr  (ft/sf  r.) 

Fits  3h  *  Maximum  anvil  -table  accelerations  for  1000-  .uni 
iUU-cps  lowpass  flit  r.ittun.  The  values  arc  independent  of 
the  channel-mounted  loads. 


Fin- 

of 


37  -  Maximum  load  velocity  as  a  function 
load  weight  fur  different  hammer  drops 


(0A0  weight  r  l  8S 
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Fin.  IS  -  Maximum  accelera¬ 
tion  oi  "rigid"  load  and  of  the 
anvil  table-  Acceleration  sig¬ 
nals  were  filtered  by  300-  or 
lOOo-tps  low-pr.ss  filters  as 
indicated. 


Fin-  1‘1  -  Maximum  filtered 
acceleration  values  on  a  rigid 
load  and  on  the  anvil  table 


PEAK  ACCELERATION  vQ) 
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4  6  e  TO  12  14  16  18 

HAMMER -IMPACT  VELOCITY  (FT/SEC) 


Fig.  40  -  Maximum  filtered 
acceleration  values  on  a  rigid 
load  and  on  the  anvil  table 


F  i  g .  41  -  Maximum  filtered 
acceleration  values  on  ■■  rigid 
load  and  on  the  anvil  table 


4  6  8  10  12  14  16  18 
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Typical  values  of  shock  spectra  are  shown  in  Figs.  42  and  43.  These  have  been 
extrapolated  by  dotted  lines  to  show  probable  values  beyond  the  range  of  measurements. 

The  values  at  low  frequencies  become  asymptotic  to  the  permissible  table  travel,  which 
is  usually  3  or  1.5  in.,  although  0.75  in.  may  additionally  be  used.  The  spectra  of  the 
motions  of  the  load*  provide  an  equivalent  velocity-shock,  which  is  applicable  from  a 
few  cycles  per  second  to  about  40  cos.  The  spectra  then  rises  to  a  maximum  value  due 
to  tlic  load-channel  resonance  at  about  G5  cps.  Above  100  cps  the  load  acceleration  spectra 
remains  about  constant.  If  the  load  were  a  more  flexible  system  higher  values  of  accel¬ 
eration  would  be  experienced  at  the  high  frequencies. 

The  relatively  simple  spectrum.  Fig.  43,  is  illustrative, of  that  of  the  anvil  table.  The 
motion  of  the  anvil  table  can  be  considered  a  velocity-shock  for  frequencies  between  10 
and  1000  cps.  Below  these  frequencies  the  displacement  spectra  becomes  asymptotic  to 
the  table-travel  setting,  and  above  these  frequencies  acceleration  spectra  becomes  asymp¬ 
totic  to  the  true  maximum  value  of  acceleration,  which  is  in  the  region  between  5000  and 

10,000  g. 


CONCLUDING  DISCUSSION 

The  Navy  HI  shock  machines  attempt  to  provide  a  simulation  of  types  of  shocks 
probable  on  board  ships.  The*  intensity  of  shock  is  of  such  a  value  as  would  occur  when 
the  ships  structure  is  damaged  but  the  ship  is  still  seaworthy.  Shock  tests  are  specified 
in  terms  of  the  shock  machine  and  procedures  for  its  use,  rather  than  in  terms  of  shock 
motions  or  spectra. 

Shock  motions  and  spectra  typical  for  various  loading  conditions  of  the  shock  machines 
are  included  in  this  report.  A  determination  of  these  values  under  standard  conditions 
describes  their  performance,  and  is  sometimes  called  the  calibration  of  the  machine. 

The  shock  motions  expressed  as  a  time  function  are  not  of  themselves  useful  without 
further  analyses.  Perhaps  the  most  useful,  and  meaningful,  analysis  method  is  in  terms 
of  shock  spectra.  Simpler,  but  less  informative,  statements  of  shock  intensity  arc  given 
in  terms  of  velocity-shock,  and  in  terms  of  maximum  values  of  accelerations  transmitted 
through  filters  of  given  bandwidth.  All  methods  of  anal}  >es  assume  something  of  the 
nature  of  the  item  being  subjected  to  the  shock  inasmuch  as  damage  potentials  of  a  shock 
motion  are  as  much  a  function  of  the  c  haracteristic  s  of  the  item  being  shocked  as  they 
are  of  the  nature  of  the  shock  motions. 

The  use  of  four-coordinate  log  paper  for  the  presentation  of  shock- spectral  curves 
permits  the  natural  extension  of  the  concept  of  velocity-shock  to  displacement-shock  and 
permits  a  determination  of  the  maximum  values  of  acceleration.  The  shock-spectral 
curves  illustrate  that  below  a  given  frequency  the  displacements  approach  a  constant 
value.  This  value,  together  with  the  frequency  range  for  which  it  is  sufficiently  accurate, 
is  defined  as  the  displacement-shock  value  and  range.  A  middle  Irequency-range  usually 
exists  for  which  the  velocity- shock  spectrum  is  relatively  constant.  This  velocity  is 
defined  as  the  equivalent  velocity-shock  for  this  range.  And  similarly  an  upper  range  of 
frequencies  exist  for  which  the  acceleration-shock  spectrum  is  relatively  constant.  This 
acceleration  value  is  the  maximum  value  present  in  the  excitation.  The  maximum  value 
of  acceleration  can  be  considered  as  a  static  value  in  this  upper  frequency  range.  Maxi¬ 
mum  values  of  changes  of  displacement  and  velocity  and  maximum  values  of  acceleration 
used  in  this  manner  provide  simple,  significant,  and  meaningful  descriptions  of  a  shock 
motion  but  of  course  do  not  include  all  the  information  contained  in  the  motion-time  or 
shock- spec  tral  curves. 


♦Since  the  load  is  ri^id,  its  spectra  and  its  motions  arc  assumed  to  be  the  same  as  that  of 
its  mounting  points  on  the  channels  of  the  snock  machine. 
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Fig.  <1.2  -  Shock  spectra  for  motions  of  rigid  load 
mounted  act  ording  to  prose  r*bed  specifications  (5). 
A.  5.5-ft  hammer  drop,  .5-in,  table  travel,  -14^3-lb 
load,  5340  lb  on  table, class  A  shock.  13.  <2-ft  ham¬ 
mer  drop,  3-in.  table  travel,  1115-lb  load,  1783  1b 
on  table,  class  A  shock. 


CPS 


Fig.  43  -  Shock  spectrum  for  motion  of  anvil  table 
of  HI  Stock  Machine  for  Mediurr.veighl  Equipment, 
3 -ft  hammer  drop,  3-in.  table  travel,  1115-lb  load, 
1858  ib  on  table,  drop-height  150  percent  greater 
than  specified  (5)  for  class  A  shock 
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The  HI  shock  machines  provide  good  duplication  of  shock  motions  for  successive 
impacts  of  a  given  test.  However  if  the  equipment  is  dismounted  and  then  remounted 
in  presumably  an  identical  manner,  differences  in  the  nature  of  the  high-frequency  com¬ 
ponents  are  observable.  These  are  caused  by  differences  in  damping  and  elasticity  under 
the  two  conditions  which  is  in  turn  caused  by  different  seating  of  parts  held  together  by 
bolts,  and  by  differences  in  bolt  tightness.  In  general,  frequency  components  below  several 
hundred  cycles  per  second  are  not  affected.  The  changes  of  physical  properties  of  the 
anvil  plate  of  the  machine  for  lightweight  equipment,  as  it  deforms  with  use,  are  such  as 
to  gradually  increase  the  severity  of  the  shock  motions. 

It  will  occasionally  happen  that  an  item  of  equipment  will  consistently  pass  specifica¬ 
tion  on  one  HI  machine  but  fail  an  equivalent  test  on  another  similar  machine.  Studies  of 
these  instances  have  shown  that  there  was  little  margin  of  safety  in  the  first  case,  and 
that  tile  critical  value  for  f'iluiv  wa*  * .ac -!y  overprice!  in  the  second.  Obviously  an  item 
must  pass  the  test  on  the  ta,.  ame  used  during  acceptance  tests. 

The  maxima  in  the  shock-spectral  curves  which  are  caused  by  resonance  vibrations 
of  the  mounting  plates,  or  channels,  of  the  shock  machines  are  of  some  concern,  it  may 
lie  that  the  presence  of  narrow  frequency  regions,  in  which  the  damage  potential  is  large, 
is  not  in  accord  with  the  idea  of  presenting  a  shock  notion  equivalent  to  a  generalized 
Held  condition.  It  is  probable  that  a  shock  motion  •■•♦bout  dominant  frequencies  would  be 
preferable. 


•vknowi  fogmfnts 

The  material  presented  m  this  report  has  been  principally  obtained  by  R .  W.  Conrad, 
A  F  Dirk.  H  F  Blake,  and  F  W.  Clements. 
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